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MANUFACTURING EXECUTION SYSTEM
FOR USE IN MANUFACTURING BABY
FORMULA

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

This application claims priority to U.S. Provisional Patent

Application No. 61/190,553 filed 29 Aug. 2008, the contents
of which are fully incorporated by reference herein.

STATEMENT OF RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH

Not applicable.

FIELD OF THE INVENTION

The mvention described herein relates to the field of baby
formula manufacturing. Specifically, manufacturing execu-
tion systems and methods used for the monitoring and execu-
tion of baby formula manufacture. The mvention further
relates to the enhancement of computer system technologies
and information technology to produce higher quality more
cificient baby formula thereby minimizing cost.

BACKGROUND OF THE INVENTION

Previously we have described novel methods, systems,
soltware programs, and manufacturing execution systems for
validation, quality and risk assessment, and monitoring of
pharmaceutical manufacturing processes. See, US2005/
0251278 published 10 Nov. 2005; US2006/0276923 pub-
lished 7 Dec. 2006; US2006/0271227 Published 30 Nov.
2006; US2007/0021856 Published 25 Jan. 2007; and
US2007/0032897 Published 8 Feb. 2007. Additionally, we
endeavor to further the state of the art using software and
computer programming in the field of baby formula manu-
facture.

Baby formula 1s a synthetic version of mothers” milk and
belongs to a class of materials known as dairy substitutes.
Dairy substitutes have been used since the early nineteenth
century for products like oleomargarine and filled cheese.
They are made by blending fats, proteins, and carbohydrates
using the same technology and equipment used to manufac-
ture real dairy products. Since the 1940s, advances in pro-
cessing techniques such as homogenization, fluid blending,
and continuous batching and filling have greatly improved the
ways 1mitation dairy products, like formula, are made. The
sales of infant formulas have also improved over the last
several decades. Until the early 1990s, infant formula was
sold only as a pharmaceutical product. Salespeople presented
their brands to pediatricians who would then recommend the
products to new mothers. In 1992, federal antitrust actions
resulted 1n manufacturers shifting their marketing strategies
toward more direct marketing techniques. Now, 1n addition to
pharmaceutical sales, manufacturers rely heavily on direct
mail campaigns and TV and print advertising to recruit new
customers. In the United States alone, the infant formula
industry 1s a $3 billion a year business with approximately
another $1 billion in sales outside of the United States.

Formulas are generally available in three forms: powder,
liquid concentrate, and ready-to-feed. Powder and liquid con-
centrate are less expensive but they require mixing/dilution
prior to use. This may be a problem because they may be
improperly mixed or mixed with water contaminated with
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bacteria. Ready-to-feed 1s the most expensive type but
requires no mixing before use. This 1s an advantage because

the mother can be sure the baby 1s getting the appropriate dose
of nutrients and does not have to worry about contamination
problems.

Many consumers are under the mistaken impression that
the FDA closely and carefully monitors infant formula, per-
haps more scrupulously than other foods, since infant-con-
sumers are particularly vulnerable by virtue of their age and
total dependence on this one product. In fact, the FDA sets
forth only minimal standards regarding the production and
sale of synthetic milks. The mandated nutrient requirements
for formula are contained 1n the outdated Infant Formula Act
ol 1980, which was passed by the U.S. Congress inreaction to
a formula-manufacturing error that flooded the market with
chloride-deficient formula. Today, manufacturers are
required simply to include a relatively short list of ingredients
and to record them on the package.

Generally, quality of infant formula 1s ensured at three
levels, which have some degree of overlap. First, in the United
States, there are governmental standards, which establish the
nutritional quality of infant formulas and other dairy substi-
tutes. Specific details of these standards can be found in the
Code of Federal Regulations; more information 1s available
from the Food and Drug Administration (FDA). The FDA
publishes a monograph detailing everything from the man-
dated nutrient list to label copy and artwork used on packag-
ing. Second, the dairy industry sets 1ts own industry-wide
quality control standards. The industry 1s self-policing and
has 1ts own regulatory organization, the International Dairy
Federation, which sets industry standards for manufacturing
and quality control. Third, individual companies set their own
standards for quality control. For example, one producer of
triglycerides used 1n formula, has microbiologists and engi-
neers monitor 30 different checkpoints of triglyceride pro-
duction, 24 hours a day.

As can be seen from the atorementioned, the globalization
of baby formula manufacturing requires a global approach to
integration keeping 1n mind the overall objective of strong
public health protection. To accomplish these needed goals
there 1s a need to carry out the following actions. The artisan
should use emerging science and data analysis to enhance
validation and quality assurance programs during the baby
formula manufacturing process. From the aforementioned,
also apparent to one of ordinary skill 1n the art 1s the ability to
provide an integrated approach to manufacturing whereby
quality and manufacturing variables are monitored continu-
ously during baby formula manufacture. By providing an
integrated and user-friendly approach to validation and qual-
ity assurance, the overall benefit to the public at-large 1s end
products containing baby formula available at lower costs.
This 1s turn will allow more persons to benefit from 1nnova-
tions that occur 1in the manufacturing of baby formula.

(Given the current deficiencies associated with baby for-
mula manufacture and the fact that the demand from a public
health standpoint 1s increasing, 1t becomes clear that provid-
ing an integrated systems approach to baby formula manu-
facture 1s desirable. Specifically, producing baby formula
from a “quality by design™ approach (1.e. where quality is
designed 1nto the production versus testing quality post-pro-
duction) 1s advantageous. The present invention provides this
solution.

SUMMARY OF THE INVENTION

The mvention provides for manufacturing execution sys-
tems (denoted herein as manufacturing execution system or
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MES) and methods thereot designed for use in manufacturing
baby formula. Specifically, software programs that monitor
quality control and the quality process used in the manufac-
ture, processing, and storing of baby formula. In certain
embodiments, the software programs are used in a continuous
manner to ensure purity and consistency of an mngredient used
in baby formula manufacture.

The invention further comprises a software program that 1s
tully integrated and automated to monitor the entire baby
formula manufacturing process.

The mvention further comprises imtegrating a manufactur-
Ing execution system into a baby formula manufacturing sys-
tem whereby control of the baby formula manufacturing pro-
cess 1s attained.

In certain embodiments, the MES 1s integrated into a baby
formula liquid mixing system used 1n baby formula manufac-
turing.

In certain embodiments, the MES 1s integrated into a baby
formula powder blending system used 1n baby formula manu-
facturing.

In certain embodiments, the MES 1s integrated into a baby
formula pasteurization system used 1n baby formula manu-
facturing.

In certain embodiments, the MES 1s integrated into a baby
formula standardization system used 1n baby formula manu-
facturing.

In certain embodiments, the MES 1s integrated into a baby
formula sterilization system used in baby formula manufac-
turing.

In certain embodiments, the MES i1s integrated into a pack-
aging system used 1n baby formula manufacturing.

In certain embodiments, the manufacturing execution sys-
tem comprises a solftware program with a computer memory
having computer readable 1nstructions.

In certain embodiments, the manufacturing execution sys-
tem continuously monitors the baby formula manufacturing,
process.

In certain embodiments, the manufacturing execution sys-
tem semi-continuously monitors the baby formula manufac-
turing process.

Based on the foregoing non-limiting exemplary embodi-
ments, the software program can be mterfaced with hardware
systems or software systems or devices to monitor quality
assurance protocols put i place by the quality control unit.

The 1nvention further comprises a manufacturing execu-
tion system which integrates application software and meth-
ods disclosed herein to provide a comprehensive validation
and quality assurance protocol that 1s used by a plurality of
end users whereby the data compiled from the system 1is
analyzed and used to determine 1f quality assurance protocols
and validation protocols are being achieved.

The mvention further comprises implementing the manu-
facturing execution systems and software program to mul-
tiple baby formula product lines whereby simultaneous baby
formula production lines are monitored using the same sys-
tem.

The invention further comprises implementation of the
manufacturing execution system and soltware program
described herein into the liquid mixing, powder blending,
pasteurization, homogenization, standardization, packaging,
and sterilization subset of the baby formula manufacturing
process whereby the data compiled by the subset processes 1s
tracked continuously overtime and said data 1s used to ana-
lyze the subset processes and whereby said data 1s integrated
and used to analyze the quality control process of the baby
formula manufacturing process at-large.
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The mvention turther comprises a manufacturing execu-
tion system, which controls the baby formula manufacturing

process, increases productivity, and improves quality of baby
formula over time.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. General Schematic of a Baby Formula Manufac-
turing Process. As shown in the figure, the first step 1s powder
blending followed by liquid mixing. The third step 1s pasteur-
ization followed by homogenization followed by standard-
ization followed by packaging and finally sterilization of the
baby formula product. Note, depending on the type of baby
formula being manufactured, powder blending and liquid
mixing may be completed concurrently.

FIG. 2. Schematic of a Manufacturing execution system
integrated into a Baby formula Powder Blending and Liquid
Mixing Process. As shown 1n the figure, the entire baby for-
mula powder blending and liquid mixing system(s) are inte-
grated into a manufacturing execution system. Data 1s moni-
tored at critical control points to ensure quality parameters are
being achieved. The data 1s monitored and analyzed on a
continuous basis. Depending on the type of baby formula that
1s being manufactured, the powder blending and liquid mix-
ing system(s) may be running 1n the same mixing tank con-
currently.

FIG. 3. Schematic of a Manufacturing execution system
integrated into a Baby Formula Pasteurization system used 1n
baby formula manufacture. As shown 1n FIG. 3A, the entire
indirect pasteurization system 1s integrated into the Manufac-
turing execution system. Data 1s monitored at critical control
points to ensure quality parameters are being achieved. The
data 1s momtored and analyzed on a continuous basis. As
shown 1 FIG. 3B, the direct pasteurization system 1s inte-
grated into the Manufacturing execution system. Data 1s
monitored at critical control points to ensure quality param-
cters are being achieved. The data 1s monitored and analyzed
on a continuous basis.

FIG. 4. Schematic of a Manufacturing execution system
integrated into a baby formula homogenization system used
in baby formula manufacture. As shown in the figure, the
entire baby formula homogenization system 1s integrated into
the Manufacturing execution system. Data 1s monitored at
critical control points to ensure quality parameters are being
achieved. The data 1s monitored and analyzed on a continuous
basis.

FIG. 5. Schematic of a Manufacturing execution system
integrated into a baby formula standardization system used 1n
baby formula manufacture. As shown 1n the figure, the entire
baby formula standardization system 1s integrated into the
Manufacturing execution system. Data 1s monitored at criti-
cal control points to ensure quality parameters are being
achieved. The data 1s monitored and analyzed on a continuous
basis.

FIG. 6. Schematic of a Manufacturing execution system
integrated into a baby formula packaging system used in baby
formula manufacture. As shown 1n the figure, the entire baby
formula packaging system 1s integrated into the Manufactur-
ing execution system. Data 1s monitored at critical control
points to ensure quality parameters are being achieved. The
data 1s monitored and analyzed on a continuous basis.

FIG. 7. Schematic of a Manufacturing execution system
integrated into a baby formula sterilization system used 1n
baby formula manufacture. As shown 1n the figure, the entire
baby formula sterilization system 1s integrated into the Manu-
facturing execution system. Data 1s monitored at critical con-
trol points to ensure quality parameters are being achieved
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based on predetermined sterility assurance level (SAL). The
data 1s monitored and analyzed on a continuous basis. After
sterilization, the baby formula product 1s destined to ship-

ping.
DETAILED DESCRIPTION OF THE INVENTION

Outline of Sections

I.) Definitions

I1.) Software Program and Computer Product
I11.) Analysis

IV.) Manufacturing execution system(s)

V.) KITS/Articles of Manufacture

V1.) Background to Baby formula Manufacturing

I.) DEFINITIONS

Unless otherwise defined, all terms of art, notations and
other scientific terms or terminology used herein are intended
to have the meanings commonly understood by those of skall
in the art to which this invention pertains unless the context
clearly indicates otherwise. In some cases, terms with com-
monly understood meanings are defined herein for clarity
and/or for ready reference, and the inclusion of such defini-
tions herein should not necessarily be construed to represent
a substantial difference over what 1s generally understood 1n
the art. Many of the techniques and procedures described or
referenced herein are well understood and commonly
employed using conventional methodology by those skilled
in the art, such as, for example, the widely utilized current
Good Manufacturing Practice guidelines.

As used herein the term “baby formula™ (a.k.a. infant for-
mula, formula) means a synthetic form of mother’s mailk that
belongs to a class of materials known as dairy substitutes.

“interface” means the communication boundary between
two or more entities, such as a piece of software, a hardware
device, or a user. It generally refers to an abstraction that an
entity provides of itsell to the outside. This separates the
methods of external communication from internal operation,
and allows 1t to be internally modified without affecting the
way outside entities interact with 1t, as well as provide mul-
tiple abstractions of itself. It may also provide a means of
translation between entities which do not speak the same
language, such as between a human and a computer. The
interface between a human and a computer 1s called a user
interface. Interfaces between hardware components are
physical interfaces. Interfaces between soltware exist
between separate software components and provide a pro-
grammatic mechanism by which these components can com-
municate.

“abstraction” means the separation of the logical properties
of data or function from its implementation 1mn a computer
program.

“algorithm™ means any sequence of operations for per-
forming a specific task.

“algorithm analysis” means a soiftware verification and
validation (“V&V”) task to ensure that the algorithms
selected are correct, appropriate, and stable, and meet all
accuracy, timing, and sizing requirements.

“analog” means pertaining to data [signals] in the form of
continuously variable [wave form] physical quantities; e.g.,
pressure, resistance, rotation, temperature, voltage.

“analog device” means a device that operates with vari-
ables represented by continuously measured quantities such
as pressures, resistances, rotations, temperatures, and volt-
ages.

“analog-to-digital converter” means input related devices,
which translate an mput device’s [sensor| analog signals to
the corresponding digital signals needed by the computer.
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“analysis” means a course of reasoning showing that a
certain result 1s a consequence of assumed premises.

“application software” means soitware designed to fill spe-
cific needs of a user.

“bar code” means a code representing characters by sets of
parallel bars of varying thickness and separation that are read
optically by transverse scanning.

“basic mput/output system’™ means firmware that activates
peripheral devices 1 a PC. Includes routines for the key-
board, screen, disk, parallel port and serial port, and for inter-
nal services such as time and date. It accepts requests from the
device drivers 1in the operating system as well from applica-
tion programs. It also contains autostart functions that test the
system on startup and prepare the computer for operation. It
loads the operating system and passes control to it.

“benchmark”™ means a standard against which measure-
ments or comparisons can be made.

“block check™ means the part of the error control procedure
that 1s used for determining that a block of data 1s structured
according to given rules.

“bootstrap” means a short computer program that 1s per-
manently resident or easily loaded into a computer and whose
execution brings a larger program, such an operating system
or 1ts loader, into memory.

“boundary value” means a data value that corresponds to a
minimum or maximum input, internal, or output value speci-
fied for a system or component.

“boundary value analysis” means a selection technique 1n
which test data are chosen to lie along “boundaries™ of the
input domain [or output range] classes, data structures, pro-
cedure parameters, etc.

“branch analysis” means a test case identification tech-
nique that produces enough test cases such that each decision
has a true and a false outcome at least once.

“calibration” means ensuring continuous adequate perior-
mance of sensing, measurement, and actuating equipment
with regard to specified accuracy and precision requirements.

“certification” means technical evaluation, made as part of
and 1n support of the accreditation process that establishes the
extent to which a particular computer system or network
design and implementation meet a pre-specified set of
requirements.

“concept phase” means the initial phase of a software
development project, 1n which user needs are described and
evaluated through documentation.

“configurable, ofl-the-shell software” means application
soltware, sometimes general purpose, written for a variety of
industries or users in a manner that permits users to modily
the program to meet their individual needs.

“control flow analysis” means a software V&V task to
ensure that the proposed control flow 1s free of problems, such
as design or code elements that are unreachable or incorrect.

“controller” means hardware that controls peripheral
devices such as a disk or display screen. It performs the
physical data transfers between main memory and the periph-
eral device.

“conversational” means pertaining to a interactive system
or mode of operation 1n which the interaction between the
user and the system resembles a human dialog.

“corrective maintenance” means maintenance performed
to correct faults in hardware or software.

“critical control point” means a function or an area 1n a
manufacturing process or procedure, the failure of which, or
loss of control over, may have an adverse aifect on the quality
of the finished product and may result 1n an unacceptable

health risk.
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“data integrity” means the degree to which a collection of
data 1s complete, consistent, and accurate.

“data validation” means a process used to determine 11 data
are 1naccurate, incomplete, or unreasonable. The process may
include format checks, completeness checks, check key tests,
reasonableness checks and limit checks.

“design level” means the design decomposition of the soft-
ware 1tem; €.g., system, subsystem, program or module.

“design phase” means the period of time 1n the software life
cycle during which the designs for architecture, soitware
components, interfaces, and data are created, documented,
and verified to satisty requirements.

“diagnostic” means pertaining to the detection and 1sola-
tion of faults or failures.

“dynamic analysis” means analysis that 1s performed by
executing the program code.

“encapsulation” means a software development technique
that consists of 1solating a system function or a set of data and
the operations on those data within a module and providing
precise specifications for the module.

“end user” means a person, device, program, or computer
system that uses an information system for the purpose of data
processing in information exchange.

“error detection” means techniques used to identily errors
in data transfers.

“error guessing”’ means the selection criterion 1s to pick
values that seem likely to cause errors.

“error seeding” means the process of intentionally adding
known faults to those already in a computer program for the
purpose of monitoring the rate of detection and removal, and
estimating the number of faults remaining in the program.

“failure analysis” means determining the exact nature and
location of a program error in order to fix the error, to 1dentify
and fix other similar errors, and to 1nitiate corrective action to
prevent future occurrences of this type of error.

“Failure Modes and Effects Analysis” means a method of
reliability analysis mntended to identify failures, at the basic
component level, which have significant consequences
alfecting the system performance in the application consid-
ered.

“FORTRAN” means an acronym for FORmula TR ANsla-

tor, the first widely used high-level programming language.
Intended primarily for use 1n solving technical problems 1n
mathematics, engineering, and science.

“life cycle methodology” means the use of any one of
several structured methods to plan, design, implement, test
and operate a system from 1ts conception to the termination of
its use.

“logic analysis” means evaluates the safety-critical equa-
tions, algorithms, and control logic of the software design.

“low-level language” means the advantage of assembly
language 1s that 1t provides bit-level control of the processor
allowing tuning of the program for optimal speed and pertor-
mance. For time critical operations, assembly language may
be necessary 1n order to generate code which executes fast
enough for the required operations.

“maintenance” means activities such as adjusting, clean-
ing, modifying, overhauling equipment to assure perior-
mance 1n accordance with requirements.

“Pascal” means a high-level programming language
designed to encourage structured programming practices.

“path analysis” means analysis of a computer program to
identify all possible paths through the program, to detect
incomplete paths, or to discover portions of the program that
are not on any path.
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“quality assurance” means the planned systematic activi-
ties necessary to ensure that a component, module, or system
conforms to established technical requirements.

“quality control” means the operational techniques and
procedures used to achieve quality requirements.

“software engineering” means the application of a system-
atic, disciplined, quantifiable approach to the development,
operation, and maintenance of software.

“software engineering environment” means the hardware,
soltware, and firmware used to perform a soltware engineer-
ing eifort.

“software hazard analysis” means the identification of
safety-critical software, the classification and estimation of
potential hazards, and identification of program path analysis
to 1dentily hazardous combinations of internal and environ-
mental program conditions.

“software reliability” means the probability that software
will not cause the failure of a system for a specified time under
specified conditions.

“software review” means an evaluation of software ele-
ments to ascertain discrepancies from planned results and to
recommend 1mprovement.

“software safety change analysis” means analysis of the
safety-critical design elements atfected directly or indirectly
by the change to show the change does not create a new
hazard, does not impact on a previously resolved hazard, does
not make a currently existing hazard more severe, and does
not adversely affect any safety-critical software design ele-
ment.

“software safety code analysis™” means verification that the
safety-critical portions of the design are correctly imple-
mented 1n the code.

“software safety design analysis” means verification that
the safety-critical portion of the software design correctly
implements the safety-critical requirements and introduces
no new hazards.

“software safety requirements analysis” means analysis
evaluating software and interface requirements to i1dentily
errors and deficiencies that could contribute to a hazard.

“solftware safety test analysis” means analysis demonstrat-
ing that safety requirements have been correctly implemented
and that the software functions sately within its specified
environment.

“system administrator” means the person that 1s charged
with the overall administration, and operation of a computer
system. The System Administrator 1s normally an employee
or a member of the establishment.

“system analysis” means a systematic investigation of a
real or planned system to determine the functions of the
system and how they relate to each other and to any other
system.

“system design” means a process ol defining the hardware
and software architecture, components, modules, interfaces,
and data for a system to satisty specified requirements.

“top-down design” means pertaining to design methodol-
ogy that starts with the highest level of abstraction and pro-
ceeds through progressively lower levels.

“validation” means establishing documented evidence
which provides a high degree of assurance that a specific
process will consistently produce a product meeting 1ts pre-
determined specifications and quality attributes.

“validation, process” means establishing documented evi-
dence which provides a high degree of assurance that a spe-
cific process will consistently produce a product meeting 1ts
predetermined specifications and quality characteristics.

“validation, prospective” means validation conducted
prior to the distribution of either a new product, or product
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made under a revised manutacturing process, where the revi-
sions may aifect the produces characteristics.

“validation protocol” means a written plan stating how
validation will be conducted, including test parameters, prod-
uct characteristics, production equipment, and decision
points on what constitutes acceptable test results.

“validation, retrospective” means validation of a process
for a product already 1n distribution based upon accumulated
production, testing and control data. Retrospective validation
can also be useful to augment 1nitial premarket prospective
validation for new products or changed processes. Test data 1s
uselul only if the methods and results are adequately specific.
Whenever test data are used to demonstrate conformance to
specifications, 1t 1s important that the test methodology be
qualified to assure that the test results are objective and accu-
rate.

“validation, software” means. determination of the correct-
ness of the final program or software produced from a devel-
opment project with respect to the user needs and require-
ments. Validation 1s usually accomplished by veritying each
stage of the software development life cycle.

“structured query language” means a language used to
interrogate and process data 1n a relational database. Origi-
nally developed for IBM mainframes, there have been many
implementations created for mini and micro computer data-
base applications. SQL commands can be used to interac-
tively work with a data base or can be embedded with a
programming language to iterface with a database.

“Batch” means a specific quantity of baby formula that 1s
intended to have uniform character and quality, within speci-
fied limits, and 1s produced according to a single manufactur-
ing order during the same cycle of manufacture.

“Component” means any ingredient intended for use 1n the
manufacture of baby formula, including those that may not
appear 1n such baby formula product.

“Baby formula product” means a finished dosage form, for
example, tablet, capsule, solution, powder etc. that contains

an active baby formula ingredient generally, but not neces-
sarily, 1n association with 1nactive ingredients.

“Active baby formula mgredient” means any component
that 1s an 1important dietary requirement for infants and 1s a
primary ingredient in baby formula. An active baby formula
ingredient includes, but 1s not limited to, proteins, fats, oils,
vitamins, and minerals. For the avoidance of doubt, an active
baby formula ingredient i1s not mtended to be an inactive
ingredient.

“Inactive mgredient” (a.k.a. excipient) means a substance
used as a carrier for the active mngredients of a baby formula
product. In addition, excipients can be used to aid the process
by which baby formula 1s manufactured. The active baby
formula ingredient 1s then dissolved or mixed with an excipi-
ent. Excipients are also sometimes used to bulk up formula-
tions with active baby formula ingredients, to allow for con-
venient and accurate dosage. Examples of excipients, include
but are not limited to, thickeners, binders, starches, gums,
dilutents, flavors, colors, emulsifiers, and preservatives.

“In-process material” means any material fabricated, com-
pounded, blended, or derived by chemical reaction that 1s
produced for, and used in, the preparation of the baby formula
product.

“Lotnumber, control number, or batch number” means any
distinctive combination of letters, numbers, or symbols, or
any combination thereof, from which the complete history of
the manufacture, processing, packing, holding, and distribu-
tion of a batch or lot of baby formula product or active baby
formula 1ingredient or other material can be determined.
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“Quality control unit” means any person or organizational
clement designated by the firm to be responsible for the duties
relating to quality control.

“Acceptance criteria” means the product specifications and
acceptance/rejection criteria, such as acceptable quality level
and unacceptable quality level, with an associated sampling
plan, that are necessary for making a decision to accept or
reject a lot or batch.

“manufacturing execution system” means an integrated
hardware and software solution designed to measure and
control activities in the production areas of baby formula
manufacturing organizations to increase productivity and
improve quality. For the purposes of this definition an MES
relates only to baby formula manufacturing processes and
systems. The use of an MES of the present invention not
relating to the manufacturing, storing, or production of baby
formula 1s specifically excluded from the definition of an
MES.

“Process analytical technology” (a.k.a. PAT) means a
mechanism to design, analyze, and control baby formula
manufacturing processes through the measurement of critical
process parameters and quality attributes.

“Pasteurization” means the process of heating liquids for
the purpose of destroying bacteria, protozoa, molds, and
yeasts. The process was named after 1ts creator, French chem-
1st and microbiologist Louis Pasteur.

“Homogenization” means a term connoting a process that
makes a mixture the same throughout the entire substance
(1.e. homogeneous). Note, for the purposes of this definition,
when soft solids are milled 1n a liquid, this can be seen as a
form of homogenization.

“Sterilization” means any process that effectively kills or
climinates transmissible agents (such as fungi, bacteria,
viruses, prions, and spore forms, etc.) from a surface, equip-
ment, foods, medications, baby formula, or biological culture
medium. Sterilization can be achieved through application of
heat, chemicals, 1rradiation, high pressure or filtration.

I1.) Software Program

The mvention provides for a software program that 1s pro-
grammed 1n a high-level or low-level programming language,
preferably a relational language such as structured query
language, which allows the program to interface with an
already existing program or a database. Other programming
languages include but are not limited to C, C++, COBOL,
FORTRAN, Java, Perl, Python, Smalltalk, Dataflex, Power-

Builder, FOCUS, LINC, Oracle Reports, Quest, Ab Initio,
LANSA, PL/SQL, RAMIS, S, SAS, SPSS, APE, Genexus,
UNIFACE, CSS, ColdFusion, and MS visual basic.

In addition, the mvention provides for a fifth-generation
programming language (“3GL”) based around solving prob-
lems using constraints given to the program, rather than using
an algorithm written by a computer programmer. Essentially,
a 5GL of the present invention 1s designed to make the com-
puter solve the problem (1.e. higher quality more efficient
baby formula production). This way, a programmer only
needs to worry about what problems need to be solved and
what conditions need to be met, without worrying about how
to 1implement a routine or algorithm to solve them. In one
embodiment, a 5GL of the present mvention uses Prolog,
OPS35, or Mercury programming language.

It will be readily apparent to one of skill in the art that the
preferred embodiment will be a software program that can be
casily modified to conform to numerous soltware-engineer-
ing environments. One of ordinary skill 1n the art will under-
stand and will be enabled to utilize the advantages of the
invention by designing the system with top-down design. The
level of abstraction necessary to achieve the desired result
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will be a direct function of the level of complexity of the
process that 1s being monitored.

The mvention further comprises computer software which
comprises three (3) layers. It will be appreciated by one of
ordinary skill 1in the art that the three (3) layers may overlap
and may or may not be distinct layers. The invention com-
prises a system soltware layer, which helps run the computer
system. The system software layer of the invention com-
prises, operating systems, device drivers, diagnostic tools,
servers, windowing systems, and other utilities. The purpose
of systems software 1s to msulate the applications program-
mer as much as possible from the details of the particular
computer complex being used, especially memory and other
hardware features, and such as accessory devices as commu-
nications, printers, readers, displays, keyboards, etc.

The invention comprises computer software containing a
programming soitware layer, which provides tools to assist a
programmer to use programming languages 1n a more conve-
nient way. These tools include but are note limited to, text
editors, compilers, interpreters, linkers, debuggers, and so
forth. An Integrated development environment (IDE) merges
those tools 1nto a software bundle, and a programmer may not
need to type multiple commands for compiling, interpreting,
debugging, tracing, and etc., especially 11 the IDE has an
advanced graphical user interface.

The mvention comprises computer soltware containing an
application software layer which allows end users to accom-
plish one or more specific (non-computer related) tasks.

In one embodiment, the invention comprises an embedded
system designed to perform one or a few dedicated functions,
often with real-time computing constraints. It 1s usually
embedded as part of a complete device including hardware
and mechanical parts. In a preferred embodiment, the embed-
ded system of the mvention 1s embedded 1n baby formula
manufacturing hardware systems and mechanical parts.

One of ordinary skill will appreciate that to maximize
results the ability to amend the algorithm needed to conform
to the validation and QA standards set forth by the quality
control unit on each step during baby formula manufacture
will be preferred. This differential approach to programming,
will provide the greatest level of data analysis leading to the
highest standard of data itegrity.

The preferred embodiments may be implemented as a
method, system, or program using standard software pro-
gramming and/or engineering techniques to produce sofit-
ware, firmware, hardware, or any combination thereof. The
term “computer product™ as used herein 1s intended to encom-
pass one or more computer programs and data files accessible
from one or more computer-readable devices, firmware, pro-
grammable logic, memory devices (e.g. EEPROM’s, ROM’s,
PROM’s, RAM’s, SRAM’s, etc.) hardware, electronic
devices, a readable storage diskette, CD-ROM, a file server
providing access to programs via a network transmission line,
wireless transmission media, signals propagating through
space, radio waves, inirared signals, eftc.

The invention further provides articles (e.g., computer
products) comprising a machine-readable medium including
machine-executable instructions, computer systems and
computer implemented methods to practice the methods of
the ivention. Accordingly, the invention provides comput-
ers, computer systems, computer readable mediums, com-
puter programs products and the like having recorded or
stored thereon machine-executable instructions to practice
the methods of the invention. As used herein, the words
“recorded” and “‘stored” refer to a process for storing infor-
mation on a computer medium. A skilled artisan can readily
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adopt any known methods for recording information on a
computer to practice the methods of the invention.

The computer processor used to practice the methods of the
invention can be a conventional general-purpose digital com-
puter, ¢.g., a personal workstation computer, including con-
ventional elements such as microprocessor and data transier
bus.

Preferably, the program will be initiated 1n parallel with the
baby formula manufacturing process or quality assurance
(“QA”) protocol. This will allow the ability to monitor the
baby formula manufacturing and QA process from its incep-
tion. However, in some 1nstances the program can be boot-
strapped 1nto an already existing program that will allow
monitoring from the time of execution (1.e. bootstrapped to
configurable off-the-shell software).

For example, the critical control point for monitoring an
active baby formula ingredient versus an 1nactive ingredient
may not be equivalent. Similarly, the critical control point for
monitoring an in-process material may vary from component
to component and often from batch to batch.

In one embodiment, the invention provides for methods of
interfacing a software program with a baby formula manu-
facturing system whereby the software program 1s integrated
into the baby formula manufacturing process and control of
the baby formula manufacturing process 1s attained. The inte-
gration can be used for routine monitoring, quality control,
maintenance, hazard mitigation, validation, etc.

The 1nvention further comprises implementing the soft-
ware program to multiple devices used in baby formula
manufacture to create a manufacturing execution system used
to monitor and control the entire baby formula manufacturing
process.

The mvention further comprises implementing the manu-
facturing execution system into multiple baby formula prod-
uct lines whereby simultaneous baby formula production
lines are monitored using the same system.

The mvention further comprises implementation of the
manufacturing execution system and soltware program
described herein into the subset of the baby formula manu-
facturing process whereby the data compiled by the liquid
mixing, powder blending, pasteurization, homogenization,
standardization, packaging, and sterilization subset processes
1s tracked continuously overtime and said data i1s used to
analyze the subset processes and whereby said data 1s inte-
grated and used to analyze the quality control process of the
baby formula manufacturing process at-large.

It will also be appreciated by those skilled 1n the art that the
various steps herein for baby formula production are not
required to be all performed or exist in the same production
series. Thus, while 1n some embodiments, all steps and/or
soltware programs and/or manufacturing execution systems
described or mentioned herein are performed or exist, in other
embodiments, one or more steps are optionally, e.g., omitted,
changed (1in scope, order, placement, etc.) or the like. Accord-
ingly, those of skill in the art will recognize that many modi-
fications may be made without departing from the scope of
the present invention.

I11.) Analysis

The mvention provides for a method of analyzing data that
1s compiled as a result of the manufacturing of baby formula.
Further the imnvention provides for the analysis of data that 1s
compiled as a result of a QA program used to monitor the
manufacture of baby formula 1n order to maintain the highest
level of data integrity. In one embodiment, the parameters of
the data will be defined by the quality control unmit. Generally,
the quality control unit will provide endpoints that need to be
achieved to conform to cGMP regulations or in some
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instances an internal endpoint that 1s more restrictive to the
minimum levels that need to be achieved.

In a preferred embodiment, the invention provides for data
analysis using boundary value analysis. The boundary value
will be set forth by the quality control unit. Using the bound-
ary values set forth for a particular phase of baby formula
manufacture the algorithm 1s defined. Once the algorithm 1s
defined, an algorithm analysis (1.e. logic analysis) takes place.
One of skill in the art will appreciate that a wide variety of
tools are used to confirm algorithm analysis such as an accu-

racy study processor.
One of ordinary skill will appreciate that ditferent types of

data will require different types of analysis. In a further
embodiment, the program provides a method of analyzing

block data via a block check. If the block check renders an
allirmative analysis, the benchmark has been met and the
analysis continues to the next component. If the block check
renders anegative, the data 1s flagged via standard recognition
files known 1n the art and a hazard analysis and hazard miti-
gation occurs.

In a further embodiment, the mvention provides for data
analysis using branch analysis. The test cases will be set forth
by the quality control unit.

In a further embodiment, the mvention provides for data
analysis using control flow analysis. The control flow analysis
will calibrate the design level set forth by the quality control
unit, which i1s generated 1n the design phase.

In a turther embodiment, the invention provides for data
analysis using failure analysis. The failure analysis 1s 1nitiated
using the failure benchmark set forth by the quality control
unit and then using standard techmiques to come to error
detection. The preferred technique will be top-down. For
example, error guessing based on quality control group
parameters, which are confirmed by error seeding.

In a further embodiment, the mvention provides for data
analysis using path analysis. The path analysis will be 1niti-
ated after the design phase and will be used to confirm the
design level. On of ordinary skill in the art will appreciate that
the path analysis will be a dynamic analysis depending on the
complexity of the program modification. For example, the
path analysis on the output of a baby formula product will be
inherently more complex that the path analysis for the vali-
dation of an m-process material. However, one of ordinary
skill will understand that the analysis 1s the same, but the
parameters set forth by the quality control unit will differ.

In a further embodiment, the mvention provides for data
analysis using failure modes and eflects analysis. The analy-
s1s of actual or potential failure modes within a baby formula
manufacturing system on a component-by-component and
process by process level 1s analyzed for classification or deter-
mination of a failure upon the baby formula manufacturing,
system. Failures which cause any error or defects 1n a baby
formula process, design, manufacture, or product are ana-
lyzed and corrective action 1s taken during baby formula
manufacture. The corrective action of the invention com-
prises modilying or stopping baby formula manufacture to
obviate a failure.

In a turther embodiment, the invention provides for data
analysis using root cause analysis. The analysis occurs by
identifying a root cause of a failure or hazard with the inten-
tion of eliminating the root cause thereby reducing its ire-
quency on future baby formula batches.

In a further embodiment, the mvention provides for data
analysis using hazard analysis and critical control points. The
analysis occurs 1n a systematic preventive approach to baby
formula manufacturing that addresses physical, chemical,
and biological hazards of baby formula as a means of preven-
tion rather than finished baby formula product inspection.
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The analysis 1s used 1n baby formula manufacture to identity
hazards, so that key actions and locations within a baby for-
mula manufacturing process, known as critical control points
can be taken to reduce or eliminate the risk of the hazards
being realized. The analysis 1s used at all stages of baby
formula production including liquid mixing, powder blend-
ing, pasteurization, homogenization, standardization, pack-
aging, and sterilization. Failures which cause any error or
defects 1n a baby formula process, design, manufacture, or
product are analyzed and corrective action i1s taken during
baby formula manufacture. The corrective action of the
invention comprises modilying or stopping baby formula
manufacture to obviate a failure.

The mvention provides for a top-down design to software
analysis. This preferred embodiment 1s advantageous
because the parameters of analysis will be fixed for any given
process and will be set forth by the quality control unit. Thus,
performing soitware safety code analysis then software
safety design analysis, then software safety requirements
analysis, and then software safety test analysis will be pre-
ferred.

The atorementioned analysis methods are used for several
non-limiting embodiments, including but not limited to, vali-
dating QA software, validating baby formula manufacturing
processes and systems, and validating process designs
wherein the integration of the system design will allow for
more eificient determination of acceptance criteria in a batch,
in-process material, batch number, control number, and lot
number and allow for increased access time thus achieving a
more eificient cost-saving baby formula manufacturing pro-
CEesS.

IV. Manufacturing Execution System(s)

In one embodiment, the software program or computer
product, as the case may be, 1s integrated into a manufacturing
execution system that controls the baby formula manufactur-
ing process. The tools of the manufacturing execution system
of the invention focus on less variance, higher volumes,
tighter control, and logistics of baby formula manufacturing.
One of ordinary skill 1n the art will understand that a MES of
the invention posseses attributes to increase traceability, pro-
ductivity, and quality of a baby formula product. One of
ordinary skill in the art will understand that the aforemen-
tioned attributes are achieved by monitoring such baby for-
mula manufacturing functions including, for example, equip-
ment tracking, product genealogy, labor and 1tem tracking,
costing, electronic signature capture, defect and resolution
monitoring, executive dashboards, and other various report-
ing functions.

It will be understood by one of skill in the art that the
soltware programs or computer products integrates the hard-
ware via generally understood devices in the art (1.e. attached
to the analog device via an analog to digital converter).

The software program or computer product 1s integrated
into the manufacturing execution system on a device-by-
device basis. As previously set forth, the acceptance criteria
of all devices used 1n baby formula manufacture for the pur-
poses of the manufacturing execution system are determined
by the quality control unit. The analysis of the baby formula
manufacturing occurs using any ol the methods disclosed
herein. (See, section III enftitled “Analysis™). The program
monitors and processes the data and stores the data using
standard methods. The data i1s provided to an end user or a
plurality of end users for assessing the quality of data gener-
ated by the device or devices. Furthermore, the data 1s stored
for comparative analysis to previous batches to provide a
risk-based assessment in case of failure. Using the historical
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analysis will provide a more streamlined baby formula manu-
facturing process and will monitor to ensure that product
quality 1s maximized. Utilizing the historical record will pro-
vide baby formula manufacturers an “intelligent” perspective
to manufacturing. Over time, the manufacturing execution
system will teach 1tself and modity the baby formula manu-
facturing process 1n a way to obviate previous failures while
at the same time continuously monitoring for new or potential
tailures. In addition, the 1nvention comprises monitoring the
data from 1mitial process, monitoring the data at the end pro-
cess, and monitoring the data from a routine maintenance
schedule to ensure the system maintain data integrity and
validation standards predetermined by the quality control
unit.

V.) Kits/Articles of Manufacture

For use 1n basic mput/output systems, hardware calibra-
tions, soitware calibrations, computer systems audits, com-
puter system security certification, data validation, different
soltware system analysis, quality control, and the manufac-
turing of baby formula products described herein, kits are
within the scope of the invention. Such kits can comprise a
carrier, package, or container that i1s compartmentalized to
receive one or more containers such as boxes, shrink wrap,
and the like, each of the container(s) comprising one of the
separate elements to be used 1n the method, along with a
program or insert comprising instructions for use, such as a
use described herein.

The kit of the invention will typically comprise the con-
tainer described above and one or more other containers
associated therewith that comprise materials desirable from a
commercial and user standpoint, programs listing contents
and/or 1nstructions for use, and package 1nserts with mstruc-
tions for use.

A program can be present on or with the container. Direc-
tions and or other information can also be included on an
isert(s) or program(s) which 1s included with or on the kat.
The program can be on or associated with the container.

The terms “kit” and “article of manufacture” can be used as
Synonyms.

The article of manufacture typically comprises at least one
container and at least one program. The containers can be
formed from a variety of maternials such as glass, metal or
plastic.

V1.) Background to Baby Formula Manufacturing

Baby formula 1s a synthetic version of mothers’ milk and
belongs to a class of materials known as dairy substitutes.
Dairy substitutes are made by blending fats, proteins, and
carbohydrates using the same technology and equipment
used to manufacture real dairy products. The design of infant
formulas 1s highly complex due to the nature of the biological
requirements of the developing child. The key to successiul
formula design 1s to match as closely as possible the physical
and nutritional properties of breast milk. Milk 1s a natural
emulsion, which means 1t 1s a fine dispersion of tiny droplets
of fats and o1ls suspended in water. Milk also contains impor-
tant components including proteins, sugars, minerals, salts,
and trace elements. Formula 1s made by blending similar
materials 1n an attempt to match the characteristics of true
milk. Formula design typically falls into one of three catego-
ries: milk-based formula, animal or vegetable based formula,
or non-milk based.

Milk based formulas typically start with cow milk as a base
since most infants have no problem ingesting cow’s milk.
This type of formula 1s fortified with extra nutritional ele-
ments.

Anmimal or vegetable-based formula 1s produced, mainly
because some infants have a sensitivity, allergy, or potential
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allergy to formula based entirely on cow’s milk. Formula
made with vegetable derved milk or a limited amount of
cow’s milk dertved components may be more suitable for
these children. Most vegetable derived formulas are soybean
based. However, allergies to soybean milk also exist, so this
approach does not guarantee the product will be trouble free.
In general, using hydrolyzed proteins can minimize allergy
concerns. They are less likely to cause allergic reactions.

Non-milk based formulas are expensive, specialty formu-
las for infants who have a strong sensitivity to both cow’s and
soy milk, or other medical or digestive conditions that are
formula related.

Generally, formulas are available 1n three forms: powder,
liquid concentrate, and ready-to-feed. Powder and liquid con-
centrate are less expensive but they require mixing/dilution
prior to use. This may be a problem because they may be
improperly mixed or mixed with water contaminated with
bacteria. Ready-to-feed 1s the most expensive type but
requires no mixing before use. This 1s an advantage because
the mother can be sure the baby 1s getting the appropriate dose
of nutrients and does not have to worry about contamination
problems.

In general, baby formula contains the following raw mate-
rial: proteins, fats, carbohydrates, diluents, minerals, vita-
mins, emulsifiers, and stabilizers. As described above, protein
used 1n formulas can come from a variety ol sources such
ammal milk or soybeans. Soymilk 1s made by taking soy-
beans, soaking them in baking soda, draiming them, grinding
the beans, then diluting the mixture with water and homog-
emzing it. The proteins, which come from soybeans, may be
in the form of protein concentrates or protein 1solates. The
latter helps eliminate or reduce carbohydrates that can cause
flatulence and abnormal stools. Other useful proteins can be
derived from nuts, fish, and cottonseed oil but these have
limited application in infant formulas.

Fats and oils are an important dietary requirement for
infants. Therefore, formulations attempt to match the serum
fatty acid profile of real breast milk. These fatty acids include
eicosapentaenoic acid (EPA) which may be dertved from fish
o1l and other sources and ARA (arachidonic acid). In actual
breast milk there 1s a significant amount of fatty compounds
known as triglycerides. For example, docosahexaenoic acid
(DHA) 1s believed to be an important triglycerides. Triglyc-
erides which are similar to (but not biochemically 1dentical
to) those found 1n breast milk can be derived from egg volk
phospholipids. Alternatively, fatty acid precursors (mol-
ecules that react to form dietary fatty acids) may be added to
infant formula. These precursors (e.g., alpha and gamma lino-
lenic acid) allow the infants” bodies to synthesize the neces-
sary fatty acids. However, this method 1s not as efficient for
delivering fatty acids as breast milk 1s.

The diluents are the carrier or bulk of the liquid of the
formula. For milk-based formulations, skim milk may be
used as the primary diluents. In milk free formulations, puri-
fied water 1s used.

In addition, a number of essential minerals are added to
infant formula. These 1include calcium, phosphate, sodium,
potassium, chloride, magnesium; sulfur, copper, zinc, 10dine,
and 1ron. Iron 1s one of the most important components since
all babies need a source of 1ron 1n their diet. Some parents are

concerned that 1rron-fortified formulas cause intestinal prob-
lems 1n infants but this 1s a myth. In general, parents can
expect formula fed babies to experience more gastrointestinal
problems than breastied babies.




US 8,498,729 B2

17

Additionally, vitamins are added to increase the nutritional
value of formula. These include vitamins A, B12, C, D, and E
as well as thiamine, riboflavin, macin, pyridoxine, pantoth-
enate, and folacin.

Finally, a variety of materials are added to ensure the for-
mula stays homogenous and that the o1l and water-soluble
components do not separate. These include emulsifiers such
as mono and di-glycerides as well as thickeners like natural
starches and gums (e.g., such carrageenan.).

Using the alorementioned ingredients, the manufacturing
of baby formula 1s completed using the following process
(note, the process may be altered depending on the type of
baby formula being manufactured). The first step in the pro-
cess 1s mixing the mgredients. Generally, the primary 1ngre-
dients are blended (powder) and mixed (liquid) 1n large stain-
less steel tanks. Skim milk 1s then added and adjusted to about
130° F.-150° F., preferably 140° F. (60° C.). Fats, o1ls and
emulsifiers are then added. Additional heating and mixing
may be required to yield the proper consistency set forth by
the quality control unit. In addition, minerals, vitamins, and
stabilizing gums may be added at various points in the process
depending on their sensitivity to heat and other ingredients.
Once mixing 1s complete, a batch 1s temporarily stored or
transported via pipeline to pasteurization equipment.

Pasteurization 1s a process that protects against spoilage by
climinating bacteria, yeasts, and molds. Pasteurization
involves quickly heating and cooling the baby formula prod-
uct under controlled conditions which microorganisms can-
not survive. Generally, a temperature of 1835-201.2° F. (85-
94° C.), held for about 30 seconds, 1s necessary to adequately
reduce microorgamisms and prepare the baby formula for
filling. Several pasteurization methods are commercially
available 1n the art. One common method warms the formula
by sending 1t through a tube adjacent to heat plate heat
exchanger. Thus, the formula 1s heated indirectly. Another
method heats formula directly and then uses the heated liquid
to preheat the rest of the incoming formula. The preheated
formula 1s further heated with steam or hot water to the
pasteurization temperature. After pasteurization 1s complete,
a batch 1s processed further by homogenization.

Homogenization 1s a process, which increases emulsion
uniformity and stability by reducing the size of the fat and o1l
particles 1n the baby formula. This process can be done with
a variety of mixing equipment known in the art, which applies
high shear to the product. This type of mixing breaks the fat
and o1l particles 1into very small droplets.

Once the baby formula has been homogenized, the next
step 1s standardization. During the standardization step, the
resulting baby formula composition 1s standardized to ensure
key parameters, such as pH, fat concentration, and vitamin(s)
and mineral(s) are correct (generally against the previously
set forth quality parameters provided by the quality control
unit). If any of these ingredients are at insufficient levels (1.e.
outside quality parameters), the baby formula batch can be
reworked to achieve the appropnate levels. The batch 1s then
ready to be packaged.

The baby formula packaging process depends on the
manufacturer and type of equipment employed, but in gen-
eral, the liquid formula 1s filled 1nto metal cans which have
lids crimped into place and powdered baby formula 1s put into

plastic or paper-based containers. These can be filled on con-
ventional liquid or powder filling equipment known 1n the art.

Finally, the baby formula product filled packages are sub-
sequently sterilized (i.e. heated and cooled to destroy any
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additional microorganisms). The finished cans are then
packed 1n cartons and stored for shipping.

EXAMPLES

Various aspects of the invention are further described and
illustrated by way of the several examples that follow, none of
which 1s intended to limit the scope of the invention.

Example 1

Utilizing the Manufacturing Execution System to
Monitor a Baby formula Powder Blending and
Liquid Mixing Process for Baby Formula
Manufacture

Dry powder blending 1s one of the most widely used tech-
niques 1n baby formula manufacturing. One of skill 1n the art
will appreciate that agitating a batch may not result in a
homogeneous blend. Moreover, umiform blending may cause
the ingredients to separate into layers. It 1s an object of the
present invention to remedy these deficiencies.

Additionally, at first glance, liquid mixing of baby formula
would seem very straightforward. One of ordinary skill in the
art will appreciate the complexities associated with liquid
mixing in the baby formula manufacturing process. For
example, mixing dissimilar liquids such as o1l and water or
mixing chemicals that harden are problems encountered on a
daily basis. An object of the mvention 1s to remedy these
deficiencies.

Generally speaking and for purposes of this example,
manufacturers begin with raw materials such as proteins that
come from a variety of sources, such as aminal milk or soy-
beans, fats, carbohydrates, dilutents, vitamins, minerals, and
a variety of excipients. Depending on the type of baby for-
mula being made, the raw materials are mixed 1n either a
liquid mixing or powder blending system (FIG. 2). It should
be noted, that 1n one embodiment of the invention, the powder
blending and liquid mixing processes are run on the same
system. The raw materials are mixed to predetermined prop-
erties and then shipped via pipeline to pasteurization systems.
(FI1G. 2).

In one embodiment, the Manufacturing execution system
(“MES”) 1s integrated 1nto the baby formula powder blending
system used 1n baby formula manufacture. In a further
embodiment, the Manufacturing execution system (“MES”)
1s integrated into the baby formula liquid mixing system used
in baby formula manufacture. It will be understood by one of
skill 1n the art that the MES integrates the hardware via
generally understood devices in the art (1.e. attached to the
analog device via an analog to digital converter). The MES 1s
integrated into the baby formula powder blending and/or
liquid mixing system on a device-by-device basis. As previ-
ously set forth, the acceptance criteria of all devices used 1n
the baby formula manufacture for the purposes of the baby
formula powder blending and/or liguid mixing processes are
determined by the quality control unmit. The analysis of the
soltware and hardware occurs using any of the methods dis-
closed herein. The MES monitors and processes the data and
stores the data using standard methods. The data 1s provided
to an end user or a plurality of end users for assessing the
quality of data generated by the device. Furthermore, the data
1s stored for comparative analysis to previous batches to pro-
vide a risk-based assessment 1n case of failure. Using the
historical analysis will provide a more streamlined baby for-
mula liquid mixing and/or powder blending process and will
monitor to ensure that the baby formula powder blending




US 8,498,729 B2

19

and/or liquid mixing system(s) data 1s integrated into subse-
quent baby formula manufacturing processes and systems.

In addition, the mvention comprises monitoring the data
from 1nitial liquid mixing and/or powder blending processes,
monitoring the data at the end liquid mixing and/or powder
blending processes, and monitoring the data from a routine
maintenance schedule to ensure the liqud mixing and/or
powder blending system(s) maintain data integrity and vali-
dation standards predetermined by the quality control unait.
(See, FIG. 2).

In one embodiment, the monitoring and analysis of the
baby formula liquid mixing and/or powder blending systems
achieves a step of integration 1nto a manufacturing execution
system whereby manufacturing productivity and product
quality are increased. Costs are streamlined over time.

Example 2

Utilizing the Manufacturing Execution System to
Monitor a Pasteurization Process for Baby Formula
Manufacture

Generally speaking and for purposes of this example, pas-
teurization 1s a process of heating liquids for the purpose of
destroying bacteria, protozoa, molds, and yeasts. Pasteuriza-
tion 1s not intended to kill all pathogenic micro-organisms in
active baby formula ingredients. Instead, pasteurization aims
to reduce the number of viable pathogens so they are unlikely
to cause disease (assuming, of course, that the baby formula
1s consumed before 1ts expiration date). Baby formula pas-
teurization typically uses temperatures below boiling since at
temperatures above the boiling point for milks, casein
micelles, will 1irreversibly aggregate (or “curdle”). There are
two (2) main types of pasteurisation used today. High Tem-
perature/Short Time (HTST) and Extended Shelf Life (ESL)
treatment. In addition, ultra-high temperature (UHT or ultra-
heat treated) and Flash Pasteurization are also used for baby
formula treatment.

In the HTST process, active baby formula ingredient 1s
forced between metal plates or through pipes heated on the
outside by hot water, and 1s heated to approximately 150°
F.-167° F., preferrably approximately 161° F. for 10-25 sec-
onds, preferrably 15-20 seconds. The HTST pasteurisation
standard was designed to achieve a 5-log reduction, killing
99.999% of the number of viable micro-organisms in baby
tormula. Generally, 1n the art, this 1s considered adequate for
destroying almost all yeasts, mold, and common spoilage
bacteria and also to ensure adequate destruction of common
pathogenic heat-resistant organisms (including Mycobacte-
rium tuberculosis, which causes tuberculosis and Coxiella
bumetii, which causes Q fever). HI'ST pasteurization pro-
cesses must be designed so that the active baby formula
ingredients are heated evenly, and no part of the active baby
formula 1ingredients are subject to a shorter time or a lower
temperature.

During the UHT pasteurization process the active baby
formula ingredient 1s held at a temperature of 240° F.-260° F.,
preferrably 250° F. for only a fraction of a second.

The ESL method utilizes active baby formula ingredient
with a microbial filtration step and generally lower tempera-
tures than the HTST method.

Flash pasteurization works by rapidly heating active baby
formula ingredients to a temperature of around 160-180° F.
prior to the filling and packaging processes. The active baby
formula ingredient will be kept at this temperature for less
than 20 seconds prior to being rapidly cooled. The flash
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pasteurization process has some space and cost advantages
due to handling the beverage 1n bulk before filling.

The HIST process 1s a form of “indirect” pasteurization
(See, FI1G. 3A) because the active baby formula ingredients
are sent via pipeline through heated plates. Conversely,
“Direct” pasteurization (See, FIG. 3B), which includes UHT
pasteurization brings the active baby formula ingredients in
direct contact with flash vapor (steam) followed by flash
cooling.

In one embodiment, the MES 1s integrated into a baby
formula pasteurization system (FIGS. 3A and 3B) used 1n
baby formula manufacture. It will be understood by one of
skill 1n the art that the MES integrates the hardware via
generally understood devices 1n the art (1.e. attached to the
analog device via an analog to digital converter). The MES 1s
integrated into the baby formula pasteurization system on a
device-by-device basis. As previously, set forth, the accep-
tance criteria of all devices used 1n baby formula manufacture
for the purposes of pasteurization are determined by the qual-
ity control unit. The analysis of the software and hardware
occurs using any of the methods disclosed herein. The MES
monitors and processes the data and stores the data using
standard methods. The data 1s provided to an end user or a
plurality of end users for assessing the quality of data gener-
ated by the device. Furthermore, the data 1s stored for com-
parative analysis to previous batches to provide a risk-based
assessment 1 case of failure. Using the historical analysis
will provide a more streamlined pasteurization process and
will monitor to ensure that the pasteurization system data 1s
integrated nto liquid mixing and powder blending systems
and other systems used 1n baby formula manufacture.

In addition, the invention comprises monitoring the data
from 1nitial process, monitoring the data at the end process,
and monitoring the data from a routine maintenance schedule
to ensure the system maintain data integrity and validation
standard predetermined by the quality control unit. (See, FIG.
3A and FIG. 3B).

In one embodiment, the monitoring and analysis of the
pasteurization systems achieves a step of integration into a
manufacturing execution system whereby manufacturing
productivity and product quality are increased. Costs are
streamlined over time.

Example 3

Utilizing the Manufacturing Execution System to
monitor the Homogenization Process for Baby
Formula Manufacture

In the context of baby formula manufacturing, homogeni-
zation 1s a term connoting a process that makes a mixture the
same throughout the entire substance. In this case of the
instant mvention, the mixture 1s active baby formula igredi-
ent(s) which, 1n a preferred embodiment have undergone
pasteurization. For baby formula this 1s necessary to increase
emulsion uniformity and stability by reducing the size of the
fat and o1l particles in the baby formula. To achieve this,
modern homogenization technology 1s based on the use of
pressure on liquids to subdivide particles or droplets present
in fluids 1nto the very smallest sizes (submicron) and create a
stable dispersion 1deal for further processing (1.e. standard-
1zation, etc.). The passage of active baby formula product at
very high pressure through a specially designed valve with an
adjustable gap, called a homogenizing valve, 1s able to micro-
s1ze dispersed particles down to the order of magnitude of
micrometers and nanometers. (FIG. 4). The fluid passes
through a minute gap in the homogenizing valve. This creates
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conditions of high turbulence and shear, combined with com-
pression, acceleration, pressure drop, and impact causing the
disintegration of particles and dispersion throughout the
product. After homogenization, the particles are of a uniform
s1ze, typically from 0.2 to 2 micron, depending on the oper-
ating pressure. This 1s an 1important stage 1n the production of
baby formula products. It provides improved product stabil-
ity, shell life, digestion, and taste. Homogenizing can also
significantly reduce the amount of additives required. It pre-
pares baby formula so that subsequent spray drying produces
the best quality of powders. This 1s especially important for
baby formula.

The current processes or methods of homogenizing of the
instant ivention can be broken down into three (3) major
categories, ultrasonic, pressure, and mechanical. Ultrasonic
homogenization 1s a widely used method to disrupt cells
using ultrasonic disruption. These devices work by generat-
ing 1mntense sonic pressure waves 1n a liquid media. The pres-
sure waves cause streaming in the liquid and, under the right
conditions, rapid formation of micro-bubbles which grow and
coalesce until they reach their resonant size, vibrate violently,
and eventually collapse. This phenomenon 1s called cavita-
tion. The implosion of the vapor phase bubbles generates a
shock wave with suflicient energy to break covalent bonds.
Shear from the imploding cavitation bubbles as well as from
eddying induced by the vibrating sonic transducer disrupt
cells. There are several external variables which must be
optimized to achieve efficient cell disruption. These variables
are: tip amplitude and 1ntensity, temperature, cell concentra-
tion, pressure, vessel capacity and shape.

Pressure homogenization 1s another widely used homog-
cmization method. Generally, with the exception of highly
fllamentous microorganisms, this method has been found to
be generally suitable for a variety of bacteria, yeast, and
mycelia. This type of homogenizer works by forcing cell
suspensions through a very narrow channel or orifice under
pressure. Subsequently, and depending on the type of high-
pressure homogenizer, they may or may not impinge at high
velocity on a hard-impact ring or against another high-veloc-
ity stream of cells coming from the opposite direction.
Machines which include the impingement design are more
eifective than those which do not. Disruption of the cell wall
occurs by a combination of the large pressure drop, highly
focused turbulent eddies, and strong shearing forces. The rate
of cell disruption 1s proportional to approximately the third
power of the turbulent velocity of the product tlowing through
the homogenizer channel, which 1n turn 1s directly propor-
tional to the applied pressure. Thus, the higher the pressure,
the higher the efliciency of disruption per pass through the
machine. The operating parameters which affect the effi-
ciency ol high-pressure homogenizers are as follows: pres-

sure, temperature, number of passes, valve and impingement
design, and flow rate. An exemplary embodiment 1s set forth
in FIG. 4.

Mechanical homogenization 1s the final type of homogeni-
zation method and can be broken down into two (2) subcat-
egories. Rotor-stator homogenmizers and blade type homog-
enizers. Rotor-stator homogenizers (also called colloid mills)
generally outperform cutting blade-type blenders and are
well suited for plant and animal tissue. Combined with glass
beads, the rotor-stator homogenizer has been successtully
used to disrupt microorganisms. However, the homogenized
sample 1s contaminated with minute glass and stainless steel
particles and the abrasive wear to the rotor-stator homog-
enizer 1s unacceptably high. This 1s why this homogenizing
method 1s rarely used in baby formula manufacture. Cell
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disruption with the rotor-stator homogenizer involves
hydraulic and mechanical shear as well as cavitation.

Finally, blade type homogenizers are less efficient that
rotor-stator homogenizers. In addition, many plant tissue
homogenizers undergo enzymatic browning which 1s a bio-
chemical oxidation process which can complicate subsequent
separation procedures. For this reason, blade type homogeni-
zation 1s not commonly used 1n baby formula manufacture.

In one embodiment, the pasteurized active baby formula
ingredient(s) (See, Example 2 entitled “Utilizing the Manu-
facturing Execution System to monitor the Pasteurization
Process for baby formula manufacture) 1s ran through a
homogenization system (See, FIG. 4). The active baby for-
mula ingredient(s) are homogenized to the proper parameters
and 1s sent to the standardization phase. Once the product i1s
homogenized, it 1s stored using standard methods 1n a storage
tank (FIG. 4 and FIG. §).

In one embodiment, the MES 1s integrated into the homog-
enization system used 1n baby formula manufacture. It will be
understood by one of skill in the art that the MES 1ntegrates
the hardware via generally understood devices 1n the art (1.¢.
attached to the analog device via an analog to digital con-
verter). The MES 1s integrated into the homogenization sys-
tem on a device-by-device basis. As previously, set forth, the
acceptance criteria of all devices used 1n baby formula manu-
facture for the purposes of the homogemzation process are
determined by the quality control unit. The analysis of the
soltware and hardware occurs using any of the methods dis-
closed herein. The MES monitors and processes the data and
stores the data using standard methods. The data 1s provided
to an end user or a plurality of end users for assessing the
quality of data generated by the device. Furthermore, the data
1s stored for comparative analysis to previous batches to pro-
vide a risk-based assessment 1n case of failure. Using the
historical analysis will provide a more streamlined homog-
emization process and will monitor to ensure that the homog-
cnization system data 1s integrated into the homogenization
processes. In addition, the invention comprises monitoring
the data from 1nitial process, monitoring the data at the end
process, and monitoring the data from a routine maintenance
schedule to ensure the system maintain data integrity and
validation standard predetermined by the quality control unat.
(See, FIG. 4).

In one embodiment, the monitoring and analysis of the
homogenization systems achieves a step of integration into a
manufacturing execution system whereby manufacturing
productivity and product quality are increased. Costs are
streamlined over time.

Example 4

Utilizing the Manufacturing Execution System to
monitor a Standardization Process for Baby Formula
Manufacture

Once the active baby formula ingredient(s) have been
homogenized, the next step 1s standardization. During the
standardization step, the resulting baby formula composition
1s standardized to ensure key parameters, such as pH, fat
concentration, and vitamin(s) and mineral(s) are correct (gen-
crally against the previously set forth quality parameters pro-
vided by the quality control unit). If any of these mngredients
are at isuificient levels (i.e. outside quality parameters) the
baby formula batch can be reworked to achieve the appropri-
ate levels. The batch 1s then ready to be packaged.

In one embodiment, the homogenized active baby formula
ingredient(s) (See, Example 3 entitled “Utilizing the Manu-
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facturing Execution System to monitor the Homogenization
Process for baby formula manufacture) is ran through a stan-

dardization system (See, FIG. 5). The active baby formula
ingredient(s) are standardized to the proper parameters and 1s
sent to the packaging phase. Once the product s standardized,
it 15 stored using standard methods 1n a storage tank (FIG. 5
and FIG. 6).

In one embodiment, the MES 1s integrated into the stan-
dardization system used in baby formula manufacture. It will
be understood by one of skill in the art that the MES integrates
the hardware via generally understood devices 1n the art (1.¢.
attached to the analog device via an analog to digital con-
verter). The MES 1s integrated 1nto the standardization sys-
tem on a device-by-device basis. As previously, set forth, the
acceptance criteria of all devices used in baby formula manu-
facture for the purposes of the standardization process are
determined by the quality control unit. The analysis of the
software and hardware occurs using any of the methods dis-
closed herein. The MES monitors and processes the data and
stores the data using standard methods. The data 1s provided
to an end user or a plurality of end users for assessing the
quality of data generated by the device. Furthermore, the data
1s stored for comparative analysis to previous batches to pro-
vide a risk-based assessment 1n case of failure. Using the
historical analysis will provide a more streamlined standard-
1zation process and will monitor to ensure that the standard-
1zation system data 1s integrated into the standardization pro-
cesses. In addition, the mvention comprises monitoring the
data from 1mitial process, monitoring the data at the end pro-
cess, and monitoring the data from a routine maintenance
schedule to ensure the system maintain data integrity and
validation standard predetermined by the quality control unait.
(See, FIG. §).

In one embodiment, the monitoring and analysis of the
standardization systems achieves a step of integration into a
manufacturing execution system whereby manufacturing
productivity and product quality are increased. Costs are
streamlined over time.

Example 5

Utilizing the Manufacturing Execution System to
monitor a Packaging Process for Baby Formula
Manufacture

Packaging of active baby formula ingredient(s) are impor-
tant aspects of the baby formula manufacturing process given
that the finished baby formula product 1s then ultimately
distributed to the consumer. Currently, the vast majority of
baby formula products are administered orally. Several alter-
native forms of baby formula product include but are not
limited to powders, ready-made liquids, and liquids. Accord-
ingly, the need for sate uniform packaging of baby formula
product 1s apparent to one of skill in the art.

In one embodiment, the standardized active baby formula
ingredient(s) (See, Example 4 entitled “Utilizing the Manu-
facturing execution system to monitor the Standardization
process for baby formula manufacture™) 1s sent to finishing
and packaging and active baby formula ingredient(s) are
arranged 1nto the proper dosage form and checked for uni-
form properties (See, FIG. 6). The active baby formula ingre-
dient(s) are filled into the proper dosage form. (FIG. 6).

Once the baby formula product 1s filled and sealed the
package 1s mspected to ensure proper sealing prior to steril-
ization (FI1G. 7) and then the packaged baby formula product
1s sent to sterilization and is then stored using standard meth-
ods. (FIG. 6 and FIG. 7).
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In one embodiment, the manufacturing execution system 1s
integrated 1nto the packaging system hardware. It will be

understood by one of skill 1n the art that the manufacturing
execution system integrates the hardware via generally
understood devices in the art (1.e. attached to the analog
device via an analog to digital converter).

The MES 1s mtegrated into the packaging system on a
device-by-device basis. (FIG. 6). As previously set forth, the
acceptance criteria of all devices used in the baby formula
product manufacture for the purposes of the packaging pro-
cess are determined by the quality control unit. The analysis
ol the software and hardware occurs using any of the methods
disclosed herein. The program monitors and processes the
data and stores the data using standard methods. The data 1s
provided to an end user or a plurality of end users for assess-
ing the quality of data generated by the device. Furthermore,
the data 1s stored for comparative analysis to previous baby
formula batches to provide a risk-based assessment in case of
failure. Using the historical analysis will provide a more
streamlined packaging process and will monitor to ensure
that ingredients are mixed and packaged properly. In addition,
the invention comprises monitoring the data from 1nitial pro-
cess, monitoring the data at the end process, and monitoring
the data from a routine maintenance schedule to ensure the
system maintain data integrity and validation standard prede-
termined by the quality control unait.

In one embodiment, the monitoring and analysis of the
packaging systems achieves a step of integration into a manu-
facturing execution system whereby manufacturing produc-

tivity and product quality are increased. Costs are streamlined
over time.

Example 6

Utilizing the Manufacturing Execution System to
monitor a Sterilization Process for Baby Formula
Manufacture

Generally, and for purposes of this example, sterilization 1s
a process that effectively kills or eliminates transmissible
agents (such as fungi, bacteria, viruses, prions, and spore
forms, etc.) from baby formula product and baby formula
product packaging. Sterilization can be achieved through
application of heat, chemicals, 1rradiation, high pressure or
filtration. There are generally two types of sterilization,
physical and chemaical.

Physical sterilization includes heat sterilization and radia-
tion sterilization. Chemical sterilization includes the addition
of chemicals to facilitate the sterilization process. In baby
formula manufacture, heat sterilization 1s common since 1t 1s
the least invasive and baby formula 1s highly regulated from a
quality standpoint (the end user being of course, infants).

Dry heat sterilization utilizes hot air that 1s either free from
water vapour, or has very little of 1t, and where this moisture
plays a minimal or no role in the process of sterilization.
Generally, dry heat coagulates the proteins 1n any organism,
causes oxidative free radical damage, causes drying of cells,
elfectively killing the microorganism. General methods of
dry heat sterilization include but are not limited to the use of
a hot air oven, flaming, radiation, or microwaves (See, FIG.
7).

Conversely, moist heat sterilization, as the name 1mplies,
utilizes hot air that 1s heavily laden with water vapour and
where this moisture plays the most important role in the
process of sterilization. Moist heat coagulates the proteins in
any organism and this 1s aided by the water vapour that has a
very high penetrating property, leading to their death. It also
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causes oxidative free radical damage. This can even, at high
enough temperatures kill prions.

Sterility assurance level (SAL) 1s a term used in baby
formula manufacture to describe the probability of a single
unit being non-sterile after 1t has been subjected to the sterl-
1zation process. For example, baby formula manufacturers
design their sterilization processes for an extremely low SAL-
“one m a million” baby formula product units should be
nonsterile. SAL 1s also used to describe the killing efficacy of
a sterilization process, where a very elfective sterilization
process has a very high SAL.

In one embodiment, the packaged baby formula product
(See, Example S entitled “Utilizing the Manufacturing execu-
tion system to monitor a Packaging process for baby formula
manufacture”) 1s sent to a sterilization process (See, FIG. 7)
whereby the baby formula product 1s then ready to be shipped
to end users.

Once the baby formula product 1s sterilized within pre-
determined sterility assurance levels set forth by the quality
control unit i1t 1s then stored using standard methods. (FIG. 7).

In one embodiment, the manufacturing execution system 1s
integrated into the sterilization system hardware. It will be
understood by one of skill 1n the art that the manufacturing
execution system integrates the hardware via generally
understood devices 1n the art (1.e. attached to the analog
device via an analog to digital converter).

The MES 1s integrated into the sterilization system on a
device-by-device basis. (FI1G. 7). As previously set forth, the
acceptance criteria of all devices used in the baby formula
product manufacture for the purposes of the sterilization pro-
cess are determined by the quality control unit. The analysis
ol the software and hardware occurs using any of the methods
disclosed herein. The program monitors and processes the
data and stores the data using standard methods. The data 1s
provided to an end user or a plurality of end users for assess-
ing the quality of data generated by the device. Furthermore,
the data 1s stored for comparative analysis to previous baby
formula batches to provide a risk-based assessment in case of
failure. Using the historical analysis will provide a more
streamlined sterilization process and will monitor to ensure
that ingredients are mixed and packaged properly. In addition,
the mvention comprises monitoring the data from 1nitial pro-
cess; monitoring the data at the end process, and monitoring
the data from a routine maintenance schedule to ensure the
system maintain data integrity and validation standard prede-
termined by the quality control unit.

In one embodiment, the monitoring and analysis of the
sterilization systems achieves a step of integration nto a
manufacturing execution system whereby manufacturing
productivity and product quality are increased. Costs are
streamlined over time.

Example 7

Utilization of Manufacturing Execution System 1n
Commercial Baby Formula Manufacturing Processes

The invention comprises a method for monitoring the
acceptance criteria of all components used 1n baby formula
manufacture. The analysis of the software and hardware
occurs using any of the methods disclosed herein. The pro-
gram momntors and processes the data and stores the data
using methods known in the art. The data is provided to an end
user or a plurality of end users for assessing the quality of the
baby formula batch. Furthermore, the data 1s stored for com-
parative analysis to previous baby formula batches to provide
a risk-based assessment 1n case of failure. Using the historical
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analysis will provide a more streamlined baby formula manu-
facturing approach and will provide cost-saving over time. In
addition, the invention comprises monitoring the data from
initial process, monitoring the data at the end process, and
monitoring the data from a routine maintenance schedule to
ensure the system maintain data integrity and validation stan-
dard predetermined by the quality control unit.

Example 8

Integration of the Manufacturing Execution System
into a Baby formula Manufacturing Device

The mvention comprises the integration of the manufac-
turing execution system into a baby formula manufacturing
device. In this context, a device used 1n the baby formula
manufacturing process ncludes, but 1s not limited to, blend-
ers, bioreactors, capping machines, chromatography/separa-
tion systems, chilled water/circulating, glycol, coldrooms,
clean steam, clean-in-place (CIP), compressed air, D.1./R.O.
watersystems, dry heat sterilizers/ovens, fermentation equip-
ment/bioreactors, Ifreezers, filling equipment, filtration/puri-
fication, HVAC, environmental controls, incubators, environ-
mentally controlled chambers, labelers, lyophilizers, dryers,
mixing tanks, modular cleanrooms, neutralization systems,
plant steam and condensation systems, process tanks, pres-
sure systems, vessels, relrigerators, separation/purification
equipment, specialty gas systems, steam generators/pure
stecam systems, steam sterilizers, stopper washers, solvent
recovery systems, tower water systems, waste 1nactivation
systems, “kill” systems, vial mspection systems, vial wash-
ers, water for injection (WFI) systems, pure water systems,
washers (glass, tank, carboys, etc.), centrifuges, user-inde-
pendent audit trails, time-stamped audit trails, data security,
confidentiality systems, limited authorized system access,
clectronic signatures, bar codes, dedicated systems, add-on
systems, control files, Internet, LAN’s, portable handheld
devices, homogenizers, sterilizers, pasteurizers, etc.

It will be understood by one of skill in the art that the
manufacturing execution system integrates the hardware via
generally understood devices in the art (1.e. attached to the
analog device via an analog to digital converter).

The manufacturing execution system 1s integrated into the
baby formula manufacturing system on a device-by-device
basis. (FI1G. 2-FI1G. 7). As previously set forth, the acceptance
criteria of all devices used 1n the baby formula product manu-
facture for the purposes of the baby formula manufacturing
process are determined by the quality control unit. The analy-
s1s of the software and hardware occurs using any of the
methods disclosed herein. The program monitors and pro-
cesses the data and stores the data using standard methods.
The data 1s provided to an end user or a plurality of end users
for assessing the quality of data generated by the device.
Furthermore, the data 1s stored for comparative analysis to
previous batches to provide a risk-based assessment 1n case of
failure. Using the historical analysis will provide a more
streamlined baby formula manufacturing approach and waill
provide cost-saving over time. In addition, the invention com-
prises momtoring the data from initial process, monitoring,
the data at the end process, and monitoring the data from a
routine maintenance schedule to ensure the system maintain
data integrity and validation standard predetermined by the
quality control unat.
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Example 9

Integration of Manufacturing Execution System and
Analysis Methods into a Comprehensive
Cost-Saving System

The invention comprises a manufacturing execution sys-
tem 1ntegrated into a comprehensive cost-saving baby for-
mula manufacturing system. A user, preferably a system
administrator, logs onto the system via secure means (1.e.
password or other security measures known 1n the art) and
inputs the boundary values for a particular component of the
baby formula manufacturing process (1.e. upper and lower
limits of pH, temperature, concentration, volume, blending
speed, SAL, homogenization pressure, packaging unit
weight, etc.) The mput 1s at the 1nitial stage of baby formula
manufacture, the end product stage of baby formula manu-
facture, or any predetermined interval in between that has
been established for routine maintenance by the quality con-
trol unit. The data 1s generated using any one of the various
analysis methods described herein (as previously stated the
type of analysis used 1s functional to the device or protocol
being monitored or evaluated). Subsequent to the data analy-
s1s, any modifications or corrective action to the baby formula
manufacturing process 1s 1implemented. The data 1s then
stored by standard methods known in the art. Scheduled
analysis of the stored data 1s maintained to provide a preven-
tative maintenance of the baby formula manufacturing pro-
cess. Over time, costs are reduced due to the tracking of data
and analysis of troubled areas and frequency of hazards that
occur on any given device in the baby formula manufacturing
process. The system 1s implemented on every device which
plays a role 1n baby formula manufacturing. (FIG. 2-FIG. 7).
The data compiled from every device 1s analyzed using the
methods described herein.

Example 10

Integration of Method(s) and Program(s) into an
Manuifacturing Execution System (MES)

Background:

A paradigm shiit 1s needed 1n the way baby formula 1s
manufactured. Current processes are not readily understood
by the industry at-large and the processes are time consuming,
and produce lower quality products. One of ordinary skill will
appreciate that a lower quality baby formula batch 1s essen-
tially, a waste. Often the baby formula batch must be run
again using different production and system parameters.
Quality control units that can continuously monitor a specific
baby formula manufacturing process and use that data, via
data analysis methods disclosed herein, will allow baby for-
mula manufacturers to produce higher quality baby formula
products 1n a faster timeframe. The fountainhead goal 1s to
build quality into a baby formula product, rather than test for
quality after the baby formula product 1s made. This Quality
by Design (QbD) approach will allow one of ordinary skill in
the art to understand that the former method 1s advantageous
since 1t will be easier to locate a defect in baby formula
manufacturing if monitoring 1s continuous rather that post-
production or post-process. It 1s an object of the invention to
provide this advantage.

Integration:

In one embodiment, the software program 1s integrated into
a manufacturing execution system that controls the baby for-
mula manufacturing process (generally set forth in FI1G. 1). It
will be understood by one of skill in the art that the software
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program/computer product integrates the hardware via gen-
erally understood devices in the art (1.e. attached to the analog
device via an analog to digital converter).

The software program/computer product 1s integrated 1nto
a manufacturing execution system on a device-by-device
basis. (FI1G. 2-FI1G. 7). As previously set forth, the acceptance
criteria of all devices used 1n baby formula manufacture for
the purposes ol the manufacturing execution system are
determined by the quality control unit. (FIG. 2-FIG. 7). The
analysis of the software and hardware occurs using any of the
methods disclosed herein. The program monitors and pro-
cesses the data and stores the data using standard methods.
The data 1s provided to an end user or a plurality of end users
for assessing the quality of data generated by the device or
devices. Furthermore, the data 1s stored for comparative
analysis to previous baby formula batches to provide a risk-
based assessment in case of failure. Using the historical
analysis will provide a more streamlined baby formula manu-
facturing process and will monitor to ensure that baby for-
mula product quality 1s maximized. In addition, the invention
comprises monitoring the data from 1nitial process; monitor-
ing the data at the end process, and monitoring the data from
a routine maintenance schedule to ensure the system maintain
data integrity and validation standards predetermined by the
quality control unat.

The present invention 1s not to be limited in scope by the
embodiments disclosed herein, which are intended as single
illustrations of individual aspects of the invention, and any
that are functionally equivalent are within the scope of the
invention. Various modifications to the models, methods, and
life cycle methodology of the mvention, in addition to those
described herein, will become apparent to those skilled in the
art from the foregoing description and teachings, and are
similarly intended to fall within the scope of the invention.
Such modifications or other embodiments can be practiced
without departing from the true scope and spirit of the inven-
tion.

The mvention claimed 1s:

1. A method of controlling a baby formula manufacturing
process using a manufacturing execution system (MES)
adapted for use in manuifacturing baby formula said method
comprising,

a) contacting a MES to a plurality of devices used 1n baby
formula manufacturing, wherein said devices are used to
produce a baby formula product;

b) monitoring data generated by the devices with said
MES, wherein said data 1s compiled during baby for-
mula manufacture and wherein said data 1s generated at
predetermined control points;

¢) analyzing the data to provide a risk-based assessment 1n
case of a quality failure during baby formula manufac-
ture; and

d) taking corrective action to obviate the quality failure
wherein said corrective action comprises modifying said
baby formula manufacturing.

2. The method of claim 1, wherein said devices are selected
from the group consisting of blenders, capping machines,
chromatography/separation, chilled water/circulating, cold-
rooms, clean steam, clean-in-place (CIP), compressed atr,
deionized / reverse osmosis (DI/R.O.) watersystems, dry heat
sterilizers/ovens, Ireezers, {iltration/purification, HVAC,
environmental controls, environmentally controlled cham-
bers, labelers, lyophilizers, dryers, modular cleanrooms, neu-
tralization systems, plant steam and condensation systems,
pressure systems, vessels, refrigerators, separation/purifica-
tion equipment, specialty gas systems, steam generators/pure
stecam systems, steam sterilizers, stopper washers, solvent
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recovery systems, tower water systems, waste inactivation
systems, kill systems, vial inspection systems, vial washers,
water for injection (WFI) systems, pure water systems, wash-
ers (glass, tank, carboys), centrifuges, user-independent audit
trails, time-stamped audit trails, confidentiality systems, lim-
ited authorized system access, electronic signatures, bar
codes, dedicated systems, add-on systems, control files,
[LANSs, portable handheld devices, homogenizers, and pas-
teurizers.

3. A non-transitory computer memory having computer
executable instructions which when executed on a computer
processor 1n a baby formula manufacturing environment per-
forms the method of claim 1.

4. A method of monitoring a baby formula manufacturing
process using a manufacturing execution system (MES) said
method comprising,

a) dertving an algorithm implemented 1n non-transitory

computer-readable instructions that performs data

analysis on an baby formula manufacturing process
wherein said baby formula manufacturing process pro-
duces an active baby formula ingredient;

b) contacting said algorithm to a MES, wherein said MES
integrates a plurality of devices used 1n baby formula
manufacture that produces an active baby formula ingre-
dient;:

¢) analyzing the data generated by said MES to provide a
risk-based assessment in case of failure, wherein said
data 1s generated at predetermined control points of said
baby formula manufacturing process; and

d) taking corrective action to obviate the failure.

5. The method of clam 4, further comprising maintaining a

historical record of the data analysis.
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6. The method of claim 4, wherein the monitoring 1s con-
tinuous.

7. A method of monitoring an acceptance criteria of a baby

formula manufacturing system, said method comprising,

a) monitoring data generated by an baby formula manufac-
turing execution system (MES) during baby formula
manufacture, wherein said baby formula manufacture
produces a baby formula product and wherein said data
1s generated at a predetermined control point;

b) maintaining the data over time to provide a historic
record;

¢) analyzing the historic record to provide a comparative
analysis against a predetermined acceptance criteria,
wherein said historic record 1s analyzed by a quality
control unit; and

d) taking corrective action during baby formula manufac-
ture to obviate a rejection against said predetermined
acceptance criteria.

8. The method of claim 7, comprising monitoring an accep-

tance criteria of a baby formula synthesis system.

9. The method of claim 7, comprising monitoring an accep-

tance criteria of a baby formula fermentation system.

10. The method of claim 7, comprising monitoring an

acceptance criteria of a baby formula DNA extraction system.

11. The method of claim 7, comprising monitoring an

acceptance criteria of a baby formula purification system.

12. The method of claim 7, comprising monitoring an

acceptance criteria of a baby formula packaging system.

13. The method of claim 7, wherein the momnitoring 1s

continuous.

14. The methods of claim 7, wherein the acceptance criteria

1s a sterility assurance level (SAL).
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